The prevalence of obesity has increased rapidly in the United States. Obesity affects about one third of the adult population and, even though it is attributed to excess calorie intake and inadequate physical activity, its etiopathogenesis is much more complex and is an area of active study. Lifestyle modifications (with a focus on increased activity and decreased calorie intake) have modest efficacy in the treatment of obesity. There is a dearth of safe and effective therapeutic modalities to treat obesity. In this review, we discuss the role of different treatment options in the management of obesity and its comorbidities, with a focus on recently approved drugs and the emerging role of bariatric surgery.
established obesity as a risk factor for the development of hypertension [11, 12] . In addition, obese people are at a higher risk of having a metabolic dyslipidemic state with low high-density lipoprotein (HDL), high triglycerides, and increased levels of small dense low-density lipoprotein (LDL) [1, 13] . It has been shown that abdominal adiposity also correlates with this metabolic dyslipidemia, independent of total body fat mass. Italian investigators studied the effect of BMI and WC on the incidence of CVD events and all-cause CVD mortality in randomly selected subjects from the general population of Monza, Italy, over a 148-month follow-up period [14] . Data from this study showed that progressive increases in BMI and WC were associated with a progressive increase in systolic and diastolic blood pressures and metabolic markers of CVD such as serum cholesterol, triglycerides, and blood glucose. Others analyzed prospective studies with 2 million participants and concluded that there was a graded positive relationship of overweight and obesity with the incidence of ischemic stroke [15] . In this regard, a meta-analysis showed that overweight is an independent risk factor for coronary heart disease, and that the elevations in cholesterol and blood pressure related to obesity do not completely explain the increased risk of heart disease associated with overweight [16] . It was concluded that even moderate overweight is associated with an increased risk of coronary heart disease [16] .
It has recently been suggested that the increased CVD risk might be related to a state of low-grade inflammation, endothelial dysfunction, hemostatic imbalance, impaired endothelial vasodilatory response, left ventricular hypertrophy, and reduced heart rate variability due to withdrawal of vagal activity and predominance of sympathetic activity [16, 17] ( fig. 1 ). Some studies have provided very convincing data to support the association between obesity and CVD, hypertension, and type 2 diabetes [7] . The Framingham Heart Study ranked body weight as the third most important predictor of coronary heart disease among males [1, 11, 18] . BMI has traditionally been used as a measure of obesity. Many experts feel that measurements of central adiposity such as WC and waist-hip ratio might be better predictors of CVD risk [7, 17] . Typically, the use of WC is favored over the use of the waist-hip ratio due to the relative ease of WC measurement [7] . A number of studies have demonstrated that people who had a more central localization of fat were at a higher risk for diabetes and hypertriglyceridemia compared to people who had a more peripheral distribution of fat. Thus, it is plausible that WC and BMI, when used together, might better predict the risk for CVD [17] . Studies have suggested a possible relationship between obesity and renal damage and/or chronic renal failure in patients with or without diabetes, hypertension, or pre-existing renal disease [19] . A study conducted in Japan showed an association between BMI and the development of end-stage renal disease in men [20] . The authors also postulated that the maintenance of optimal weight might reduce the risk for development of end-stage renal disease. Many studies have shown an increased prevalence of albuminuria in obese people [6, 21] , and additional studies have shown that weight loss might have a beneficial effect on albuminuria/ proteinuria in this group of individuals [22, 23] . Furthermore, hyperfiltration, with glomerular filtration rate (GFR) values up to 40% above normal, has been reported in obese people [24] . However, these values, when corrected for body surface area, have been found to be in the normal range for healthy obese subjects [24] . This would imply a higher than normal single nephron glomerular filtration rate in obese individuals. Thus, obesity/visceral adiposity results in renal damage, in part, by causing hyperfiltration, which is thought to be suggestive of elevated glomerular capillary pressure, which in turn has been shown to be a crucial mediator of glomerular capillary damage in rodent models [6] .
Obesity is known to be associated with insulin resistance in patients with or without diabetes. It has been shown that hyperinsulinism in conjunction with hypertension can cause renal parenchymal changes (including glomerulosclerosis and tubulointerstitial injury) and can affect sodium handling by the kidney [25] .
Approach to the Treatment of Obesity to Reduce CVD and Renal Disease
It has been suggested that an underlying cause of obesity is a small but prolonged incremental positive energy balance [26] . If sustained over long periods of time, even very small differences between energy intake and energy expenditure can lead to significant weight gain. One of the crucial parts of any approach to weight loss is setting a reasonable initial target goal. In 1998, the National Institute of Health (NIH) published guidelines for the identification, evaluation, and treatment of obesity in adults [27] . These guidelines recommended an initial weight loss goal of 10% of the baseline body weight over a period of 6 months as this is an achievable goal and can significantly decrease the severity of obesity-related risk factors. Further weight loss can be considered once these initial targets have been achieved. Many patients successfully achieve their goal weight, but they are unable to maintain it. Continued support with behavior modification therapy to encourage healthy diet and regular physical activity has been shown to be beneficial.
A multimodal approach is needed for effective weight loss and for maintenance of weight loss. Some key points emphasized in the NIH clinical guidelines for the evaluation and treatment of obesity are as follows [27] : (1) A low-calorie diet (LCD; 800-1,200 kcal/day) can reduce total body weight by an average of 8% over 6 months and can help reduce abdominal fat. (2) A very-low-calorie diet (VLCD; 250-800 kcal/day) produces greater initial weight loss than a LCD, but long-term weight loss at 1 1 year is similar with both diets. (3) Aerobic exercises result in modest weight loss and may reduce abdominal fat in overweight and obese adults. It may also improve cardiorespiratory fitness. (4) Reduced calorie intake and increased physical activity, when used in combination, produce greater weight loss than the use of either modality alone. (5) When behavior therapy is used in combination with other weight loss approaches, it provides additional short-term benefits. (6) Pharmacological therapy for obesity should only be used as part of a comprehensive weight loss program (including diet and physical activity) for patients with a BMI of 6 30 with no concomitant obesity-related risk factors, or for patients with a BMI of 6 27 with concomitant obesity-related risk factors or diseases. 
The Role of Diet in the Treatment of Obesity
Dietary manipulation is a very important part of the multifaceted approach to weight loss. The ideal weight loss diet should provide all the essential nutrients in the right proportions but still create an energy deficit. In addition, this diet should take the dietary preferences of the patient into account and should be sustainable in the long term. Weight loss diets can be classified according to their energy content. LCDs have a calorie content of 800-1,500 kcal/day, whereas VLCDs have an energy content of ! 800 kcal/day. LCDs and VLCDs have been shown to have similar efficacies for weight loss over the long term ( 1 1 year) in multiple clinical trials [27, 28] , but VLCDs place patients at a higher risk of complications such as electrolyte abnormalities, micronutrient deficiencies, gallstones, etc. Long-term compliance with VLCDs is difficult. Many randomized controlled trials (RCTs) have compared weight loss with low-and high-carbohydrate diets, when total energy content was kept constant. These studies did not find any significant difference in weight loss with either diet at 12 weeks [29] .
Multiple RCTs have compared weight loss in patients on an isocaloric low-fat diet or lowcarbohydrate diet [29] . These RCTs have failed to show any significant difference in percentage weight loss in the two groups. For example, investigators conducted an RCT to evaluate effects of a 2-year treatment with low-carbohydrate or low-fat diets [30] . In this trial, both diet groups achieved identical weight loss (11% at 6 months and 7% at 24 months). The lowcarbohydrate group had a greater increase in HDL at 24 months compared to the low-fat group. Multiple other studies have found that, even though a low-carbohydrate diet achieved greater weight loss at 6 months compared to a low-fat diet, the difference in weight loss was not significant at 1 year [30] [31] [32] [33] [34] [35] [36] . Popular low-carbohydrate diets include the Atkins diet, Bernstein diabetes diet, Caveman diet, Protein Power diet, Sonoma diet, South Beach diet, Sugar Busters diet, Zone diet, and others [35] . The effects of a low-carbohydrate diet on LDL, HDL, triglycerides, and glycemic control were not consistent in various trials and meta-analyses [35] .
An important strategy in weight loss is to understand the source of calories in the diet. A practical way to reduce the calorie content in the diet is to reduce the fat and alcohol consumption. Efforts should be made to modify the diet to reduce the CVD risk factors. While making dietary modifications, a patient's dietary preferences should also be taken into consideration as patients are more likely to be compliant with dietary plans when they include preferred food items. In 2008, the American Diabetes Association stated that 'optimal macronutrient distribution of weight loss diets has not been established' [37] . The NIH clinical guidelines also noted that, for overweight patients with a BMI of 27-35, a 300-to 500-kcal/ day reduction in energy intake will lead to a weight loss of 0.5-1 pound per week [27] . For more severely obese patients (BMI 1 35), deficits of 500-1,000 kcal/day will lead to a weight loss of 1-2 pounds per week [27] . These energy deficits will result in approximately 10% weight loss over 6 months. Current data are not sufficient to establish the optimal macronutrient composition of a diet but they suggest that the efficacy of LCDs in weight loss is similar to that of VLCDs, and that the use of LCDs appears to be safer.
Exercise or increased physical activity addresses the problem of obesity by increasing the energy expenditure, thus reducing the imbalance between excessive calorie intake and decreased calorie use. In the modern world, high-energy and high-fat food is available without difficulty and at low cost. The positive energy balance created by excessive calorie intake is so high that it cannot be easily overcome by moderate-intensity exercise. For example, to burn 1 pound of fat per week, about 500 kcal energy deficits will need to be created every day for 1 week. This would mean running 45 min every day for 1 week at a speed of 6 mph [27, 29] . Such intense exercise is not recommended for many people with obesity due to their medical comorbidities. A meta-analysis and systematic review of RCTs revealed that aerobic exercise programs of moderate intensity resulted in modest reductions in weight and WC [38] . These programs had durations from 12 weeks to 12 months. Moderate-intensity aerobic exercise programs provide modest improvements in cardiovascular risks and lipid levels, even though these programs (as independent interventions) are not effective tools for weight loss in overweight and obese people. In another meta-analysis, it was found that exercise had a modest blood pressure-lowering effect, and that the beneficial effect was more pronounced in overweight people than in obese people [39] . Diet has been found to be more effective than exercise in decreasing both BMI and blood pressure. In addition, diet alone was as effective as the combination of diet and exercise in reducing blood pressure, but the combination was superior in decreasing weight [39] .
The Role of Pharmacotherapy in the Treatment of Obesity
The criteria for pharmacotherapy are given in table 2 . The search for an obesity 'wonder drug' has not been successful thus far. Drugs introduced to date have failed to live up to the expectations due to either poor efficacy or a bad risk profile. Many of these medications had to be withdrawn from the market because of unacceptable risks, which often became evident in post-marketing trials. Treatment response to weight loss medications is variable. Some people have above-average weight loss with these medications, while others do not experience significant weight loss. Studies using weight loss drugs have shown that initial non-responders are unlikely to respond to increased doses of weight loss medications [27] . If a patient does not lose 2 kg during the first 4 weeks after initiating treatment, the likelihood of success with a weight loss drug is considered low [27, 40] . 
Drugs Used to Promote Weight Loss
Phentermine Phentermine is an anorectic agent and an adrenergic reuptake inhibitor which was approved for short-term treatment of obesity in 1968 [26] . It is a derivative of phenylethylamine, which is a precursor of amphetamine. Phentermine promotes weight loss by activation of the sympathetic nervous system, which decreases food intake and increases resting energy expenditure [40] . Phentermine is classified by the FDA as a Schedule IV drug. It carries a risk for addiction and/or habituation, though its abuse potential is considered very low [26, 40] . Its use for weight loss is approved only for the short term (up to 12 weeks). Phentermine use can cause tachycardia, palpitation, and hypertension [40] and is contraindicated in patients with coronary artery disease, congestive heart failure, stroke, and uncontrolled hypertension. There are no long-term data suggesting that treatment with this agent reduces CVD or renal disease.
Orlistat
Orlistat binds and inhibits lipase in the human gastrointestinal tract. It prevents the breakdown of ingested fats into absorbable fatty acids. The fat malabsorption due to orlistat ingestion is directly related to the dose of orlistat. Many long-term studies (at least 1-year follow-up) have evaluated the efficacy of orlistat in the treatment of obesity [41, 42] . A metaanalysis of RCTs showed that the participants treated with orlistat lost approximately 2.7 kg more weight than those treated with placebo [43] . The meta-analysis also showed that significantly more people were able to lose 5-10% of their body weight while on orlistat compared to placebo [43] . In the Swedish Multimorbidity Study, the authors concluded that treatment with orlistat in addition to dietary modifications produced significantly greater mean weight loss (5.9% in non-diabetics and 4.6% in diabetics) and CVD risk factor reduction than treatment with dietary modifications alone [44] . Weight loss with orlistat has been associated with improvement in comorbidities of obesity [45] [46] [47] .
Sibutramine Results of the Sibutramine Cardiovascular Outcomes (SCOUT) trial indicated that sibutramine increased -rather than decreased -the risk of cardiovascular events. Sibutramine was withdrawn from the US market on October 8, 2010 [48] . Lorcaserin Lorcaserin hydrochloride (Belviq), a selective agonist of 5-HT2C (serotonin receptor), was approved by the FDA on June 27, 2012, as an adjunct to lifestyle modifications for chronic weight management. Lorcaserin is believed to cause weight loss by decreasing hunger and increasing satiety. It decreases daily calorie intake by about 250 kcal but does not affect energy expenditure [49] .
The safety and efficacy of lorcaserin were studied in three RCTs, which enrolled a total of 7,794 overweight or obese patients and studied the effects of lorcaserin for 1-2 years [49] [50] [51] . In the Behavioral Modification and Lorcaserin for Overweight and Obesity Management (BLOOM) study, 47.5% of the participants in the lorcaserin group lost 5% or more of their baseline body weight compared to 20.3% of the participants in the placebo group. This study also showed that a greater percentage of people maintained their weight loss if they were continued on lorcaserin beyond 1 year [51] . The weight loss achieved with lorcaserin was associated with decreased WC and decreased levels of markers of inflammation, along with improvement in serum lipid levels, insulin resistance, and blood pressure [51] . The results of the Behavioral Modification and Lorcaserin Second Study for Obesity Management (BLOS-SOM), which included 4,008 patients, were consistent with the results of the BLOOM trial [49] . The BLOSSOM trial also established that weight loss with lorcaserin was dose dependent. In the BLOOM-DM trial, the investigators studied the efficacy and safety of lorcaserin for weight loss in patients with type 2 diabetes [50] . The participants of BLOOM-DM who took lorcaserin for 1 year lost on average 5.5% of their baseline body weight. The weight loss was observed to be more significant in Caucasians compared to African-Americans or Hispanics in the BLOSSOM trial [49] .
One of the concerns with serotonin agonists is valvulopathy, especially the thickening of mitral and/or aortic valves, and valvular insufficiency [51] . Serotonin-associated valvulopathy is thought to be related to the activation of serotonin 2B receptors in the valvular interstitial cells, an effect seen with fenfluramine. Lorcaserin is a selective serotonin 2C agonist, and in trials the incidence of FDA-defined valvulopathy and valvular insufficiency was not found to be significantly different between the study groups. The medication should be discontinued in patients who fail to lose 5% of their baseline body weight after 12 weeks of treatment.
Phentermine and Topiramate Extended Release (Qsymia) Within days of the approval of lorcaserin, Qsymia (phentermine and topiramate extended release) was approved by the FDA for chronic weight management. Qsymia's efficacy and safety were evaluated in two RCTs (CONQUER [52] and EQUIP [53] ), which together enrolled 3,734 subjects and studied the effects of Qsymia over 56 weeks. An extension study (SEQUEL [54] ) was also performed to evaluate the long-term efficacy and safety of Qsymia. In the EQUIP trial, two doses of Qsymia were evaluated, 3.75/23, a low-dose combination, and 15/92, a high-dose combination. Analysis of data from the EQUIP trial showed that Qsymia is an effective weight loss drug, and that weight loss with Qsymia has favorable effects on cardiovascular and metabolic risk factors. Weight loss, some of the metabolic and cardiovascular benefits, as well as some of the adverse effects were noted to be dose related [53] .
The CONQUER trial further evaluated the effects of Qsymia-induced weight loss on weight-related comorbidities. Effects of 7.5/46 and 15/92 strength combinations were studied and compared. In this trial, participants with mild depressive symptoms were also included. The CONQUER trial validated the results of the EQUIP trial and showed that approximately 50% of the participants treated with high-dose Qsymia lost at least 10% of their baseline body weight over a period of 56 weeks [52] . Qsymia 15/92 was associated with a 14.4% weight loss in study completers, which appears to be higher than that with any other approved pharmacological treatment [53] . To validate this finding, further studies and head-to-head trials will be needed in the future. The SEQUEL study (a phase 3 extension study) showed that the beneficial effects of treatment of overweight and obesity with Qsymia, as reported in the CONQUER trial, were sustained over a 108-week period, if the treatment was continued [54] . An increase in heart rate was noted in participants taking the drug [53] . The increase in heart rate could be related to the sympathomimetic action of phentermine. The effect of this increase on cardiovascular risk factors is unclear. The FDA does not recommend the use of this drug in patients with recent stroke, unstable heart disease, or hyperthyroidism.
Naltrexone-Bupropion Extended Release
This combination is not yet approved for marketing in the United States. The safety and efficacy of this combination were studied in four large, multicenter, placebo-controlled RCTs (COR-1, COR -2, COR-Diabetes, COR-BMod) [26, 55] . Bupropion reduces food intake by acting on adrenergic and dopaminergic receptors [26] . Naltrexone is a mu-opioid receptor antagonist. The combination was developed to produce complementary actions in the central nervous system pathways that regulate weight [56] . Studies have shown that the combi-nation produced a statistically significant and clinically meaningful weight loss and improvement in cardiorenal metabolic risk factors over placebo [55] [56] [57] [58] . The most commonly reported adverse events included nausea, constipation, headache, and insomnia. The adverse events associated with the combination were generally mild to moderate in severity and usually self-limiting [56] . A small increase in systolic and diastolic blood pressure was noted after therapy initiation in the participants on the drug combination. This increase in blood pressure was attributed to the effects of bupropion. With weight loss, blood pressure decreased below the baseline in the group treated with the combination, but the drop in blood pressure was less than that observed in the placebo group [56] .
Liraglutide
Liraglutide is a glucagon-like peptide-1 (GLP-1) analogue. It has a 97% structural homology to human GLP-1 [26, 59] . Liraglutide was developed and approved for the treatment of type 2 diabetes mellitus. Native GLP-1 decreases appetite and energy intake in normalweight and obese individuals [59, 60] . A pilot study was conducted to study the effects of liraglutide in the treatment of obesity [59] . This placebo-controlled RCT compared treatment effects of different doses of liraglutide to the effects of placebo or orlistat. The study showed a clinically significant, dose-dependent weight loss in the subjects treated with liraglutide [59] . Over 20 weeks of treatment, the weight loss was greater in the liraglutide group than in the placebo or orlistat group. More than 50% of the participants treated with liraglutide lost 5-10% of their baseline body weight. In addition, liraglutide had beneficial effects on pre-diabetes, WC, and blood pressure [59] . Further studies are being conducted to evaluate the efficacy and safety of liraglutide for the treatment of obesity and its impact on CVD and renal disease [26] .
All of the above-discussed medical treatments are summarized in table 3 . Bariatric surgical procedures decrease body weight by limiting the caloric intake and/or by decreasing the absorption of nutrients. The criteria for surgical treatment of obesity are [27] : (1) clinically severe obesity, i.e. BMI 6 40 or 6 35 with comorbid conditions; (2) failure of less invasive procedures, and (3) high risk of obesity-associated morbidity and mortality.
Bariatric surgical procedures include the Roux-en-Y gastric bypass and laparoscopic adjustable gastric banding, the most frequently performed bariatric surgeries [61] . Bariatric surgery is considered the most effective treatment for morbid obesity and is now being performed more frequently than in the past. The efficacy of bariatric surgery for weight loss and the treatment of diabetes has been demonstrated in many studies [62] , but high-quality data from large, adequately powered long-term RCTs regarding the effects of bariatric surgery on mortality and CVD are lacking. In a meta-analysis, Padwal et al. [61] concluded that diversionary procedures were more efficacious for weight loss than restrictive procedures. When comparing these results (or results for bariatric surgeries in general) to those of other treatment modalities for obesity, it is important to understand the difference between excess weight loss and weight loss. Excess weight is defined as the total preoperative weight minus the ideal body weight. Most of the data on the efficacy of bariatric surgeries report weight loss in terms of excess body weight loss, while the data on the efficacy of other treatment modalities (i.e. diet, pharmacotherapy, etc.) report weight loss in terms of total body weight loss. For the same absolute weight loss, the excess weight loss percentage will be greater than the total body weight loss percentage.
There is a significant improvement in symptoms and manifestations of diabetes, obstructive sleep apnea, hypertension, and hyperlipidemia in patients who underwent bariatric surgery [63, 64] . Recent studies have demonstrated a weight loss-dependent resolution or improvement in diabetes among patients who underwent bariatric surgery [63] [64] [65] . In this meta-analysis, 62% of diabetic patients were found to remain diabetes free 2 years after bariatric surgery [63] . The improvement in diabetes was more marked with the procedures associated with greater excess body weight loss [63] . In some patients, the blood glucose improves or normalizes within days after gastric bypass, even before there is significant weight loss. The mechanism of this change is not clear, but it could be related to hormonal changes in the gut [63, 66] . Other studies have reported that the resolution of diabetes after bariatric surgery is associated with a decrease in mortality among diabetic patients [63, 67] . Bariatric surgery appears to be a very promising intervention for obesity and, not surprisingly, the number of bariatric surgeries performed worldwide is increasing rapidly. However, there are a number of complications associated with bariatric surgery, including underappreciated nutritional deficiencies [68] and postoperative acute kidney failure after gastric bypass [69] .
Cardiovascular Effects and Benefits of Weight Loss
In a 2-year study, it has been demonstrated that weight loss is associated with beneficial changes in cardiovascular structure and function [70] . The authors noted a decrease in the left ventricular mass, improvement in diastolic and systolic function, and a decrease in vascular hypertrophy in the participants who attained modest weight loss. The authors also observed that, even though the maximal weight loss occurred at 6 months, the maximal cardiovascular benefits occurred much later and usually lagged the maximal weight loss by 3-12 months. Any weight regain after the weight loss led to a reversal of the improved cardiovascular markers [70] . In an observational analysis of the Look Action For Health in Diabetes (AHEAD) trial, it was observed that even a modest weight loss of 5-10% can produce clini-cally relevant improvements in cardiovascular risk factors, glycemic control, blood pressure, HDL, and triglycerides [71] . Various studies have shown the efficacy of weight loss by lifestyle modifications, pharmacotherapy, and bariatric surgery, or by any combination of these modalities, in mitigating the cardiovascular risk factors associated with obesity.
Current studies suggest that bariatric surgery has substantial beneficial effects for patients with obesity and obesity-related comorbidities. Studies directly comparing the beneficial effects of pharmacotherapies, lifestyle modifications, and bariatric surgery are lacking. The available data indicate that the efficacy of lifestyle modifications and pharmacotherapy for the treatment of obesity is modest at best for most patients. Recently, a few new medications have been approved for the treatment of obesity. There is some evidence that recently approved medications might be more efficacious than the older medications. However, these newer medications and drug combinations have not been studied in post-marketing trials yet. The phase 3 trials had some limitations; the study populations were not representative of the general population pool as there was a lack of ethnic and/or gender diversity. More studies and long-term trials are required to compare the relative efficacy of the different treatment options. Trials that compare the different treatment modalities to each other might help design better and more efficacious treatment plans in the future.
